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a Saudi ArabiaIntroduction: Infants with low body weight (LBW) following cardiac surgery are a major challenge for the post
cardiac surgery care unit. It has been observed that post surgery outcome for LBW infants is worse compared to the
outcome of normal body weight infants. A study was conducted to compare post operative course and outcome of
infants with body weight of 2.2 kg or less against infants with normal body weight who underwent similar cardiac
surgeries.
Methods: A retrospective review was performed for all infants below 2.2 kg who underwent cardiac operations at
King Abdulaziz Cardiac Center from January 2001 to October 2011. Cases with LBW (Group A) were compared with
matching group (Group B) of normal body weight infants who had similar cardiac surgeries and matching surgical
risk category. The demographic, ICU parameters, complications, and short-term outcome of both groups were
analyzed.
Results: Two groups were formed, with 37 patients in Group A, and 39 patients in Group B. Except for weight
(2.13 ± 0.08 kg in Group A vs 3.17 ± 0.2 kg in Group B), there was no statistical difference in demographic data
between both groups. Cardiac procedures included coarctation repair, arterial switch, ventricular septal defect
(VSD) repair, tetralogy of Fallot repair, systemic to pulmonary shunt and Norwood procedures. Patients in Group
A had statistically significant difference from Group B in terms of bypass time (p = 0.01), duration of inotropes
(p = 0.01), duration of mechanical ventilation (p = 0.004), number of re-intubations (p = 0.015), PCICU length of stay
(p = 0.007), and hospital mortality: 13.5% in Group A vs 0% in Group B (p value 0.02).
Conclusion: Patients with LBW (<2.2 kg) underwent cardiac surgery with overall satisfactory results, but with
increased risk of ICU morbidity and mortality.
 2014 Production and hosting by Elsevier B.V. on behalf of King Saud University.
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List of abbreviations
LBW low body weight
Kg Kilograms
RACHS-1 Risk Adjustment in Cardiac Surgery
ICU Intensive care unit
ASO Arterial Switch operation
IAA Interrupted Aortic Arch
VSD Ventricular septal defect
AVSD Atrio ventricular septal defect
Kg Kilogram
CM Centimeter
LOHS Length of hospital stay
Hrs Hours
Min Minutes
n Number
TOF Tetrology of fallot
PA Pulmonary Atresia
MBTS Modified blalock taussing shunt
PA Band Pulmonary artery band
COA Coarctation of Aorta
PCICU Pediatric cardiac ICU
ECMO Extra Corporeal Membrane Oxygenator
RSV Respiratory syncytial virus
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OUTCOME OF LOW BODY WEIGHT (<2.2 KG) INFANTS UNDERGOING CARDIAC SURGERYIntroduction
Evidence indicates that infants with congenitalheart disease (CHD) are more prone to low
body weight (LBW). LBW in CHD infants is
caused by various contributing factors such as
low birth weight, severe malnutrition due to state
of cardiac failure, and poor nutritional status due
to repeated infections requiring cardiac surgery.
Incidences of low birth weight were reported to
be approximately 8–23% of live born infants with
congenital heart disease, and these incidences
also varied with specific congenital heart defects
[1–3]. LBW infants with CHD are usually critically
ill, may have other organ dysfunctions, and may
need early cardiac surgical interventions. Patients,
however, may require emergency surgery that
cannot be delayed without significant risk to their
life. Several single institutional studies have
been carried out in the last 25 years, reporting
significant morbidity and mortality in LBW infants
who underwent cardiac surgery [4–7]. The
challenge remains to balance the risk of perform-
ing early cardiac surgery on LBW patients, or to
delay for weight gain. In the past, concerns over
increased mortality and morbidity in low birth
weight infants have led some centers to delay sur-
gical intervention until somatic growth reaches a
specific weight [13]. But recent studies report that
delaying surgery for somatic growth may deprive
babies from urgently needed surgery with conse-
quent increases in morbidity and mortality
[12,13]. The rate of somatic growth in children with
infants hearts is slow, and is often an unachiev-
able mission.
Over the last two decades there have been
significant improvements in the outcomes follow-
ing neonatal cardiac surgery in general, and in
LBW babies in particular. However, LBW infants
continue to be an independent risk factor for
adverse outcomes following corrective or pallia-
tive neonatal heart surgery. Recently, there have
been encouraging studies suggesting that complex
cardiac surgery can be performed in low weight
infants who might otherwise not survive without
surgery.Table 1. Summary of demographics in both groups (kg: kilograms,
Variable Group A n = 37 low weight gro
Average age (days) 24.3 ± 15.4
Average weight (kg) 2.1 ± 0.08
Gender (males/females) 22/15
RACHS-1(1-3) 32
RACHS-1(4-6) 5Low body weight in cardiac surgery is deemed
as 2.5 kg or below [4,5,8], though it can be 2.0 kg
and below [10,18].
This study was conducted to observe the effect low
body weight has on the post operative course and
outcome of infants undergoing cardiac surgery.
We selected 2.2 kg to be the cutoff point for low body
weight, as the majority of previous studies had a
mean weight of 2.5 kg among their study subjects.Material and methods
We conducted a retrospective study of all infants
weighing less than 2.2 kg undergoing cardiac sur-
gery operations for congenital heart disease at
King Abdulaziz Cardiac Center between January
2001 and October 2011. Infants who underwent
ligation of patent ducts arteriosus as their primary
surgical procedure were excluded. Our database
center and chart review were used to collect
demographic data, anatomic diagnosis, associated
preoperative risk factors, Risk Adjustment for
Congenital Heart Surgery 1 (RACHS-1) scoren: number).
up Group B n = 39 control group P value
35.8 ± 40.9 0.112
3.2 ± 0.1 0.0001
23/16
36 0.2
3 0.2
Table 2. Summary of surgical data.
Operative procedure Group A n = 37 Group B n = 39
ASO 2 4
ASO and VSD closure 2 0
VSD closure 3 4
IAA and VSD closure 2 0
TOF repair 1 2
TOF/PA repair 1 1
MBTS 5 4
PA band 3 4
Norwood-1 1 2
COA repair 17 18
ASO: arterial switch, VSD: ventricular septal defect, IAA: interrupted
aortic arch.
TOF: tetralogy of Fallot, PA: pulmonary atresia, MBTS: modified Bla-
lock-Taussig shunt.
PA Band: Pulmonary artery band, COA: coarctation of the aorta.
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performed, post operative complications, and hos-
pital mortality. Comparison was made between
patients with low body weight (Group A) to a
matching group of control (Group B), randomly
selected from the database of patients operated
on during the same study period. Patients of body
weight less than 2.2 kg with the same demograph-
ics, surgical risk categories, and with congenital
heart diseases (Table 1) were excluded. Although
the matching control group of 1:1 ratio was
relatively small, it was judged as generally accept-
able to impartially represent the population of
normal body weight children undergoing cardiac
surgery. We used RACHS-1, described by Jenkins,
to define the surgical risk category for the patients
with LBW and the control group [18,19].Perioperative strategies
All patients admitted to our Pediatric Cardiac
Intensive Care Unit (PCICU) before operations
were stabilized hemodynamically.
Patients with major organ dysfunction were
given time to improve clinically before cardiac
surgery. The decision to perform surgery wasTable 3. Comparison of the early operative and post operative data
Variable Group A n = 37 low w
Open heart on pump n = 12
Closed heart off pump n = 25
Bypass time (minutes) 147.14 ± 119.03
Cross clamp time (minutes) 50.27 ± 46.20
Average inotropes duration (hours) 160.31 ± 228.62
Maximum n of inotropes 2.19 ± 1.15
Average ventilation time (hours) 231.4 ± 280.5
Average ICU length of stay (days) 14 ± 13.78
Average hospital length of stay (days) 21.47 ± 16.07taken in a joint weekly meeting with pediatric
cardiology, pediatric cardiac surgery, and the
pediatric cardiac intensive care team. Patients
who depended on patent ductus arteriosus
(PDA) for their pulmonary blood flow were
stabilized with prostaglandin infusion.
Their feeding was optimized under the guidance
of a nutrition specialist to reach adequate caloric
intake with either enteral or parenteral nutrition.
The PCICU team accepted patients with a
minimum body weight of 1.7 kg. Low body weight
patients with severely symptomatic cardiac
lesions were referred to surgery after being
judged to be at higher risk for morbidity or mor-
tality if surgical intervention is delayed. All post
operative cardiac patients were admitted to a
dedicated pediatric cardiac intensive care unit.
All patients were managed by a pediatric cardiac
intensive care team. Post operative care for low
body weight infants were generally similar to
other normal body weight infants with particular
emphasis on lung protection ventilation, early
insertion of peritoneal drainage or dialysis if
needed, and delayed sternal closure or re-opening
of sternum if needed during early post operative
course. We defined low cardiac output in our
study as patients who require two or more inotro-
pic drugs to maintain adequate hemodynamics.
Acute kidney injury (AKI) was defined as the
abrupt loss of kidney function that required
peritoneal dialysis to maintain homeostasis.
Surgical methods
The same routine surgical measures were used
in LBW patients. Decisions to palliate or repair
were made after thorough discussions in multidis-
ciplinary meetings that considered all surgical
options, patient comorbidities, center experience,
and previous literature reviews. In general, our
center tends to perform anatomical repair rather
than palliation for most LBW patients who present
with a strong indication for intervention and with
no other serious comorbidities.(n: number, ICU: intensive care unit).
eight group Group B n = 39 control group P value
n = 14 1.0
n = 25 1.0
93.25 ± 45.15 0.01
39 ± 22.33 0.18
64.21 ± 63.57 0.01
1.71 ± 1.22 0.08
91.89 ± 105.19 0.005
7.28 ± 6.44 0.008
17.29 ± 15.28 0.24
Table 4. Comparison of early post operative complications in both groups.
Variable Group A Group B P value
Stridor 2/37 (5.4%) 1/39 (2.5%) 1.00
Low cardiac output 7/37 (19%) 6/39 (15.3%) 0.77
Diaphragmatic paralysis 1/37 (2.7%) 0/39 (0%) 0.49
Septicemia 9/37 (24.3%) 5/39 (12.8%) 0.24
Acute kidney injury (with temporary dialysis) 8/37 (21.6%) 4/39 (10.2%) 0.22
New onset of seizure 4/37 (10.8%) 1/39 (2.5%) 0.19
Pneumothorax 3/37 (8.1%) 9/39 (23.07%) 0.12
Pleural effusion 2/37 (5.4%) 1/39 (2.5%) 0.61
Arrhythmias 7/37(19%) 4/39 (10.2%) 0.34
Number of re-intubations 18/37(48.6%) 8/39 (20.5%) 0.02
Early mortality (PCICU) 4 (10.8%) 0 0.03
In-hospital mortality 5 (13.5%) 0 0.02
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OUTCOME OF LOW BODY WEIGHT (<2.2 KG) INFANTS UNDERGOING CARDIAC SURGERYStatistical analysis
Chi-square (X2) test or Fisher’s exact test was
used for statistical significance to compare
categorical variables. Student’s t-test was used
for the comparison of continuous variables. Data
was presented as mean ± (SD) standard deviation.
Statistical significance was defined as P < 0.05.Results
Thirty-seven patients with weight less than
2.2 kg (Group A) were included in the study and
were compared to a matching group (Group B)
of 39 patients. There was no statistical difference
in demographic data between both groups except
for the body weight (Table 1). In Group A, 28 of 37
patients (76%) underwent complete repair and 9
of 37 patients (24%) had palliative procedures,
while in Group B, 29 of 39 patients (75%) under-
went complete repair, and 10 of 39 patients (25%)
underwent palliative procedures. Preoperative
diagnosis and operative data are shown in Tables
1 and 2.
Compared to Group B, patients in Group A
had statistically significant differences in terms of
bypass time: 147.14 ± 119.03 vs 93.25 ± 45.15
(p = 0.01); long duration of inotropes:
160.31 ± 228.62 vs 64.21 ± 63.57 (p = 0.01); prolonged
duration of mechanical ventilation: 231.4 ± 280.5 vs
91.89 ± 105.1 (p = 0.004); and prolonged length of
ICU stay: 14 ± 13.78 vs 7.28 ± 6.44 (p = 0.007)
(Table 3).
Early morbidity and mortality
Five patients (13.5%) in Group A left the operat-
ing room with open sternum, and one patient was
unable to be weaned from the cardiopulmonary
bypass, and was transferred to PCICU on extracor-
poreal membrane oxygenation. On the other hand,
four patients (10.8%) in Group B left the operating
room with open sternum. Four patients (10.8%)died in less than 30 days in Group A (Table 4).
The deceased patients included one patient with
post arterial switch, two patients with post coarcta-
tion of the aorta (COA) repair, and one patient with
post modified Blalock-Taussig shunt (MBTS). There
was no early mortality in Group B. An additional
post COA repair patient died late due to severe
respiratory syncitial virus (RSV) bronchiolitis,
contributing to additional hospital discharge
mortality of 2.7% in Group A and 0% in Group B.
Total mortality until hospital discharge was 13.5%
and 0% in Groups A and B, respectively. P
value = 0.02 (Table 4). One COA patient who was
pre-term (35 weeks), very sick preoperatively with
multiorgan dysfunction and requiring inotropes, died
post operatively due to Acinetobacter septicemia.Complications
Complications like stridor, low cardiac output
state, diaphragmatic paralysis, septicemia, new
onset of seizure, pleural effusion, acute kidney
injury and chylothorax were more prevalent in
the LBW group, but did not reach statistical
significance. Only the number of re-intubations
was statistically significant in Group A: 18 out of
37 (48.6%) in comparison to Group B: 8 out of 39
(20.5%) (p = 0.015) (Table 4).Discussion
In the early era of cardiac surgery, LBW infants
were treated either medically, considered inopera-
ble, or were candidates solely for palliative proce-
dure. The immaturity of the organ systems of
LBW infants, including lungs, liver and, most
importantly, neurologic development puts them
at risk for many types of morbidity after pediatric
cardiac surgery [1]. Indeed, non-cardiac factors
may be associated with low birth weight, and may
jeopardize the outcome of surgery, thus requiring
careful evaluation [8,9]. In previously reported
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outcomes after repair of coarctation, mortality was
much higher in LBW infants ranging from 5% to
15% [13,19,20,21] compared with mortality rates of
less than 2% for repair of isolated coarctation in full
term infants with normal body weight [17, 18,19]. In
a study by McElhinney et al. low weight infants had
a mortality of 14%, whereas no death was reported
among larger weight infants [19]. More recently,
with developments in the ICU field, the technology
of cardiopulmonary bypass, techniques of cardiac
surgery, and advancement in post operative care,
an improvement in results with more encouraging
outcomes has been achieved [8].
In 2008, Curzon et al. published an important
report of the Society of Thoracic Surgeons
Congenital Heart Surgery Database where they
analyzed outcomes of cardiac surgery in infants
with LBW (<2.5 kg) as compared to normal weight
infants (2.5–4 kg) [11]. They reviewed over 3000
patients weighing 1 kg to 4 kg from 32 centers
around the world. Over 500 infants had low body
weight while the rest had normal body weight.
Mortality was three times higher in low body
weight infants as compared to normal body
weight infants in specific operations such as
correction of total anomalous pulmonary venous
connection (29.2% vs 9.9%), coarctation of the
aorta repair (7.1% vs 2.7%), arterial switch proce-
dure (11.8% vs 2.6%), and systemic to pulmonary
artery shunt (24.4% vs 6.2%). There are recent
reports with more encouraging results from Aza-
kie et al. In their report of 75 patients below
2.5 kg who underwent cardiac surgery with early
mortality of 2.7% in infants below 2.5 kg, LBW
mortality outcomes were close to normal body
weight mortality outcomes, which shows that
overall results are slowly but steadily improving
[14]. Our results are comparable to the previous
reports although we restricted our cases of LBW
to those below 2.2 kg rather than 2.5 kg. Early mor-
tality outcomes in our LBW cases were 10.8%
while overall in-hospital mortality were 13.5%
and 0% mortality in the control group with a P
value of 0.02. The lowest patient weight in our
LBW group was 1.7 kg. In our view, those with
weight below 2 kg are more challenging cases.
In spite of higher mortality in the LBW group
compared to the control group, an early surgical
strategy may still be a better management option
for this difficult group of patients, as deferment
of surgical treatment in order to achieve an
increase in body weight does not necessarily guar-
antee an increase in survival or a better outcome
[13]. This is particularly applicable when conser-vative management fails or when emergency
surgery is indicated.
In our series, five patients out of 37 (13.5%) left
the operating room with open sternum in the
LBW Group, and one patient required extracorpo-
real membrane oxygenation (ECMO) 2.7%.
However, four patients out of 39 (10.8%) left the
operating room with open sternum in the control
group, and none in the control group required
ECMO support. In recently published data, Ades
et al. showed high mortality in LBW patients with
ECMO support (83%) [4]. They concluded that the
need for cardiopulmonary resuscitation or post
operative ECMO were the only factors identified
as independent for mortality in LBW patients.
We also noted a more difficult operative and post
operative course in LBW patients. This was noted
in the significantly longer bypass time, duration of
ventilation, and duration of ICU stay. We also
observed a statistically significant difference in
the duration of inotropic support, and there was
a trend towards a higher number of inotropes in
LBW patients (Table 3). Although incidence of
low cardiac output was comparable in both study
groups, the significantly longer duration and the
trend of higher maximum number of inotropic
support in the LBW group may reflect the more
severe and delayed recovery of this group of
patients as compared to the control. Recent data
suggest the use of inotropic score (IS) as a better
tool to reflect the severity of the low cardiac output
and the degree of the inotropic support needed
[22]. Noticeably, a trend toward higher incidence
of complications in the LBW group did not reach
statistical significance except for the need for re-
intubations. The possibility that early initiation
of special life-saving measures such as peritoneal
drainage, peritoneal dialysis or delaying sternal
closure may help improve survival of these
patients needs to be evaluated in more depth. It
was noted that our LBW cases had higher use of
these measures compared to normal weight
children, and further analysis of each factor is
recommended. There is also possibility that the
dedicated team who looked after this group of
patients may have influenced the outcome in
LBW cases.
Limitations of our study include its retrospective
nature, the relatively small number of patients,
and the stringent subjective selection of 2.2 kg of
body weight as cutoff point instead of the com-
monly used level of 2.5 kg. Additionally, there
might be chances of selection bias in the small
matching group of normal body weight patients;
a larger group of patients would undoubtedly
FU
LL
 L
EN
G
TH
 A
RT
IC
LE
J Saudi Heart Assoc
2014;26:132–137
MEHMOOD ET AL 137
OUTCOME OF LOW BODY WEIGHT (<2.2 KG) INFANTS UNDERGOING CARDIAC SURGERYhave been more suitable, and as such we recom-
mend a multicenter prospective study to include
a larger group of patients. We could not calculate
the more descriptive inotrope score from our
database because it did not include drug doses.
Instead, we used the maximum number and
duration of inotropes to describe the degree of
inotropic support. We used the RACHS-1 score
to define the surgical risk category for the patients
with LBW and the control group, but which does
not reflect the difference of the physiologic status
of the patients. Our recommendation is for a
multi-center, prospective study to include a larger
sample of patients as well as the evaluation of
specific measures on outcomes, such as early
peritoneal drainage, delayed sternum closure,
and the use of ECMO.Conclusion
Our review, which covered a decade of patients
from 2001 to 2011, suggests that cardiac surgery for
LBW remains a challenge. Risk of surgery and
post operative morbidity can be neutralized with
surgical excellence and delicate post operative
management. Patients with LBW below 2.2 kg
can undergo cardiac surgery with overall satisfac-
tory results but with increased risk of ICU morbid-
ity and mortality. In our opinion, each case of
LBW patients must be judged for the risk of
higher mortality in cardiac surgery versus the
benefit of normalizing patient hemodynamics
and preventing further damage to body organs
while waiting for somatic growth.
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